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H_ CONTROL BASED ON WIRELESS RELAY

COMMUNICATION MECHANISM

ABSTRACT

Networked control systems (NCS), as a product of the deep
integration of modern control theory and communication technology,
enable information interaction between controllers, sensors, and actuators
through shared communication networks, demonstrating significant
advantages in industrial automation, intelligent transportation, and remote
operation. These systems not only reduce maintenance complexity but also
enhance flexibility and scalability. However, challenges such as time
delays, packet loss, and bandwidth limitations in network environments

pose serious threats to system stability and control performance. H,

control, as a robust control method, effectively suppresses disturbances and
model uncertainties by minimizing the worst-case response of the system
to external disturbances and uncertainties. However, its performance in
networked applications is significantly affected by communication quality.
Particularly in wireless relay networks, cumulative delays caused by multi-
hop transmission, channel fading, and the nonlinear characteristics of relay

nodes further increase the design difficulty of H_ controllers. This study
focuses on the H, control problem in relay network environments,

investigating how to optimize robust performance while ensuring system
stability and proposing corresponding control strategies to address the
challenges posed by network uncertainties.

This paper focuses on investigating H, control problems in relay
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networks, exploring how to enhance communication quality and system
performance in complex environments through robust control techniques.
The relay schemes under study can be broadly categorized into: half-
duplex relaying, virtual full-duplex relaying, and full-duplex relaying. For
these relay configurations, we propose novel mathematical models and
methodologies that account for various disturbance factors in signal
transmission, including channel noise, path loss, and interference sources.
By establishing dynamic system models, this work provides a theoretical
foundation for optimized controller design. Subsequently, the control
strategies for relay nodes are optimized to improve overall system
performance. The optimization objectives primarily involve minimizing
system errors, enhancing signal transmission quality, and ensuring system
robustness and stability under disturbances.

In the first section, we conduct an in-depth investigation into the H,

control problem for continuous relay networks, which have gained
prominence in remote monitoring and control applications owing to their
extensive coverage and reliable performance. While these networks offer
significant advantages, their continuous relay architecture introduces
critical challenges including switching dynamics between relay nodes,
mutual interference among relays, channel fading effects, and node
disturbances - all of which contribute to system uncertainties that
conventional control methods cannot adequately address. The core

objective of this research is to develop an H,_ controller capable of

guaranteeing both asymptotic stability of all system states in the closed-
loop networked control system under these challenging conditions and

satisfaction of stringent H, performance requirements. To systematically

address the switching characteristics of continuous relay operation, we

introduce a binary auxiliary variable (taking values 0 or 1) to parameterize

v
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the switching behavior and derive a unified measurement model that
significantly simplifies controller synthesis. Building upon Lyapunov
stability theory, we rigorously establish the existence conditions for the
target controller and subsequently determine the optimal controller gain
matrix through solutions to properly formulated matrix inequalities,
thereby providing a comprehensive solution that simultaneously handles
switching-induced discontinuities and inter-relay interference while
maintaining robust performance.

In the second section, we investigate the H,_ control problem in full-

duplex relay networks. The full-duplex relay technology, characterized by
its high spectral efficiency and strong real-time performance, offers a novel
solution for networked control systems. However, when implementing
simultaneous same-frequency transmission and reception, full-duplex
relays introduce significant challenges including severe self-interference,
channel fading, and noise disturbances, which substantially increase the

complexity of H_ controller design. To address these challenges, this
chapter proposes a new H,_ control framework. First, we construct a

composite system model incorporating factors such as self-interference.

Then, based on H_ control theory, we design a robust controller that
ensures system stability under various uncertain conditions.

Xu Wenyao (Applied Systems Science)
Supervised by Prof. Liu Hongjian

KEY WORDS: Continuous relay, full-duplex relay, H, control, robust
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B NIZEHIEAER Z) ke BRI B, n RosN:

n = {04,kma,kl’ kAL (2-5)

Uy Mgy KNTTEL

v, FAEHAR, WREv,, =0, Ev,~0,) =4,

B 2 T, A9 % FE R b 4k I 2 AT LU T 9 A IRRGAE . 5%, 74
AR (S, 1S, A B HATAS 5 I BORIES R ThRe, R JE UM e L
2 ELE IR n, (RIBHAS R s JLUR, cPkoys o R PR S 388 i 1) PR A
(WS, — S, H1S,— S, MTHAZE) , XFHA TP 53 St R 50 A
P

Ebsot LR A, AR AR D FRAS B ABRS:  (D dih 4k
Bea e R A A ARSI (2) k1A T4 S B b L As T W 1 B

BTGB R, BT S A B R 4 S S L A

1, kAEE
R R 26
0, kKA
Beb, m, Fm, T2,
Mok =4 (Kl,kyk TR Mgyt Uk) 2-7)
Mgy = (1 4 )(K2,kyk TR My g T U )
B, T4
Ty =Ky (ma,k—l + mﬂ,k—l) (2-8)
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22 ETESPUMEREGSROT

AR 1 e U 38 B A, FRAT TR B rh 2K W 2% N B Uk R G hig T

BET WL 25 R A 5% «

{)ekﬂ = f()%k)-i_Buk +L,m,

u, = Klk Xk

Horp, &2 x WPIRESAE TR, K, FIL R BT i1 240 2
B iRz e X Ne, =x, — %, » HQ-DFIQ2-9)7 15

€ = f(ek)+DWk _sznk

SN AR p, =[x o ml mb, ] GBI, (2-3)-29)

BEI R RS

i=1 i=1
z, =Cp,
Hr,
[ BK, -BK, 0 0 ] 00 0
- 0 0 kL, L, | |00 0
§ K Hi, 0 0 kg | |0gN O
RH(1-3) 0 &K(-4) 0 | 00 0
0 0 0 0 00 0
o _|° 0 0| Li_| 0 000
“ 10 0 o * |¢H 0 0 OFf
0(1-4)N 0 0 000
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0 000 00 0 0
| 0 000 , |00 0 0
L0 000 ™ |00 0 g
(1-4)H 0 0 0 00 (I-4)1 0
00 0 0
I N A FORE N ) N
= w,=| Vv
“loo 0 0 Lt
Uk
00 0 0
D 0 0 f(xk)
_ 0 0
Dz = D — s }i_ f(ek)
10 4N 4l 0
0 (1-g)N(1-1 )1 0

AW B B NSRS 1, STHL T oh S kP TR P ) B R
TEAR IR T A BT RO R IR 2-8), MU % (R T B
VR BRI, T Tk T R S AR, QU T T
PR ) R G AR 2-11).

Q- 1) T LAOWEEE], 2k e o B 7, o ST AR R 8 £ () - A T it

P 28(2-9), FATEX F, #4718 Mk .

H R AR bR R B e (¢, ) WL [e(0, —at,)][c(0,)+at, <0,
BENT () <a’ i Bl—al, <c(l,)<al,, KT, a>02—NCHrE. FHik
ESARAE— M j, e[-L1], RN T ERL=0,12.., #Hc(l,)=jal, .
AR B, R AR A B R AT DAL B T AR (2-2) A I AR Bk )
REL S (x,) o

ST AR B R AL S (x,), FHHWEZ £(0)=0, A%EX2-2)0 AskS K

[(f (%) =043, )= Yy, ]T x[(f(2)=Opx )+ Yx, | <0 (2-12)
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/\I:F‘7 G)k
2 2

h E AR T, FETEI R 0N, <1 HOBRE O, H £ (x,)— @y, = M, X, 5K

F(x)=0,x +MY,x, . FHEATE, f(e)=0.+MY,e -

B DN RE R

Fk =diag{9N, 9, M, M, }, N:diag{Yk,Yk,0,0},

U =diagi{l,1,1,1}, F, = diag{®,,0,,0,0}

LR RN E =(F, + UEN ) g,

XQ-1D)IEATAH, WA LT 5B 2

4 2
Pra = Wzk P +UENp + Z’Zi,kEzlkpk +(Dn + Z’%i,kSllk jwk
P P

Z = épk
Hr,
BK,+©, -BK, 0 0
— 0 C K, L K
W, - k 4Ly, 4
K Hi, 0 Kl
KH(1-3) 0 K(-4) O

(2-13)

AR H AR BT — N (2-9), RIST-$406 2 LN 1R e E R 1 2

FEK, AL, .

(1) Hw =0/, BEAHQ-KIFKRGQ-1)#i#FE .

(2) EEYIRFAMT, Mz W2 5, YERELIR:

B{Y .,z 2 < CB{Y . W,

Horb, &> 0 8% € TP RIKT
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23 FEHZR

FEAT R, AT SR K, AL, 4T ORISR Q- TDAE 7S
oA EERIRFMT, itz A

E{z Zka} {Zk OW,ZW,C}

NTHS EEEH, MHAH g B,
Bl 2,189, Rk L=L", HAMX ZOHIEAE Y4B, Y&
YIY<TW5ERE. 4, L+HYX+XTYTHT <0 o724 HAV YR — DN IEfr &=

>0, fif3

L H &X'
H" —-¢I 0 |<O. (2-15)
ceX 0 -l

BIE 2289 T — DN FAELE BeR™, &2 AT DUHR B WA IF 58 56 1
NeR™FMMeR™, flifd

MESH
NBM =| " |BM =| 7| (2-16)
N, 0

Hrh, N, eR™ N, eR"™", ¥ =diag{w,,@,,....w, | & B WAFEA REK
AR, Ho (i=12,...,m) &R B KAFEG7ME .
513 2380 X T — MR RE Be R™, MPFAE—NHMEZ, Eilk:

zZl 0
Z = x{o Zz}x:&{zfxlmngxz, (2-17)

1

Hep, N AN, fQ-16)fkE, 7! e R™ Ml z2 e RV HONIE 4R, X R
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AT LA E) — AN RN Z,, 41387, = 2,8 .

SEF 2.1 HERHISIEE K, L (1=0,1), WRAEERESe, EEMHER
Z, e

Al AP AP
* A” 0 |<0 (2-18)
% 0 A33

t

Hrp,

;= ; -7 0
i 0 0 0 0 0 -Z
-z zU o0

AP=| x —l 0
0 0 —¢f

=
N

=
Il

O I PR ™ R GE(2-13) BT AR 58

ER: & L ANHEE KRRV, = p/Zp, » LAROR R 2 v K e B 22

AV, =BV, |0 -V, (2-19)

M= B, HQ-13)H1(2-19)AT 15

E{An}_m{ (Vv,m;mz;kajpk z
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S

kN+ZKi,kE;j Z
i=1

=E{pf(_t+

4
(Wt +URN+Y K E| |p, —kaZpk}
i=1

:E{ka [(W +OUFN) z(W,+UF.N) (2-20)
Snlel) 252 |
i=1
:E{ngEké,k}
Hrr,
Ci = P>
e e Ty —— 4 N (2-21)
=, =(W,+UFN) z(W,+UFN)-Z+Y u,(E}) ZE,.
i=1
/Q\,\
Z, =N+ O+HFEQ +(0) F (#!) (2-22)

4 ,'T .
sk, <o 7'2] . Q=[N 0], U_me 0]
0 0

FIABIE 2.0, BATATUMQ-18)3FIZ, <0, H5IHE 21 B H#HESFHE, <0
MAMNHE, <0, BT HER-18)H 3=, <0.
Bl H1(2-20) AT 15

E{AV,}=E{¢/5,¢,}

) (2-23)
<—7B{l.[ '}
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L AR 3G R B8 (2-13)7E w, = OBJ Wi AR, [RISLBRATTSE AR T X A e 3
[RHE B o

SEF 2.2: HERHIEMA KL (1=0,1) FITFHERATF-£>0, RS
(2-13)7E w, =0 Wf#rdEAR e, HAEZBWIGMEI &M T, WA ENH e, 2
iz, e

1_\1 1 1_\12 /_\13
* A” 0 |<0 (2-24)
* 0 A33

t

Hrr,
—z+C'C 0 W'z
A=l 0 -~ D'z ,K}Zz[(E})TZ (E2) z (ES)TZ},
* * A
Re=[(B) z o el]VT},E:[\/ZE: Jus! o],

E =|JwE JmS' 0|, B =|JwE 0 0|, B=|JuE 0 0]

W4, H,VEREER(2-14) ] AL RIIE .

BB BT LA, AERQ-18)RETAERQ240)ihER A &
FIX KR, AR B 2.0 AT EBAEUE RE(2-13)7E w, =0 R fa e
Pho FEUCIRAE b, BATRKSE— BT R S8(2-13) H, TEREF b7

R 2.0 AR TR AR T R e SO A (2-19)-2-20) T T 3, 3K
fITAT AT 3
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+(_t+22:~,kS;jwk ZHVI_/l+U_kIV+ijkE
i=1 | i=1
— 2 ]
+(Dt+z~sztljwk _kaZpk}
i=1 i
:E{p,{ (7, +TF,N) 2(7,+TF.N)

\
Vi
+

=7 (k)= (7, +OFN) 27 + 3 (E1) 2,

i=1

=2 (k)= D' ZD, + zz“ u(s) zs.,

i=1

2 (k) Eh2D) I E, .
HH(2-25) Al i —20HEH

E{AV,}+E{zlz, | - EB{ww, | <B{ZL,H0E,)
o,

22



8 W N T R VAT

4

\
Vi
+

(2-27)

FIAHBIE 2.0, EATTLLNQ-20)F RN,k <0, HFIE 2.1 ErHESH

I1,(k) <0 H HAUHITL (k) <0, FrAFRATA H1(2-24) 73 2 11, (k) < 0.
H(2-26) R %1, X T A AEEEE w, ,

E{AV,}+E{z[z,}| - &E{ww,| <0

(2-28)

HRLR T FE(2-28)FE k = 0 Fll k = oo X [AIBEAT EAURAMIES S, AT LA™K UG IE H.,

PERELI AR A 2- 1) B AL, HT M 58 AR E B 58 IR W AR

BT BN RS H, MERERI 5% 0, ASHIE IT 5 SR B R R A R A% O

PP R b S Py GRE lelEy B 3 AP

I 2.3: A THRIRAT £ >0, WRGEEER e, ERHEM2, 22,

Z,, Zy, Z,, FEET, AT (1=0,1), WHeE:
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_/‘\:1 Aiz 1”\13 Al
« A% 0 0
% % A33 0

* * * -7

<0 (2-29)

Hrp,

. __—Z+5T5 0
S ) &

() 2 (e 2 (s 2

A13_ ,
Ca(8) 2 Jm(s?) z 0
-z Z'U 0 -Z 0 0
A2=| x —I 0 [[A®={0 -Z 0
0 0 —¢l 0 0 -Z
i s
Ap=[W, 0 eN"],Ar=|0 |,
) 0
0 0 0 0] Z 0 0 0
., |0 0 0 0 0 Z, 0 0
Ef= ) ,Z= ’ :
0 —JuwT* 0 0 0 0 2 0
0 ~Ju.T? 0 0 0 0 0 2z
0,/2,+TB" 0 tH'KZ, (1-t)K,H'Z,]
-T'B" 0,7, 0 0
0 K, T 0 (1-1)x,Z,
V= 0 T  tRZ, 0 ,
D'Z, D'Z, 0 0
0 0 tkN'Z, (1-1)KN'Z,
i 0 0 tZ, (1-9)z, |

(2-30)
Z,=N"ZN, +R,ZN,.

AR, BT EE B2 e el ] DA B o
BeAk, iR EIRANTEARRAL, AT BLE AR U 3o ST EE Y 4 ) s 1

2k
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L=2, (13}, K, =M3"(2)) M’ (T') (2-31)

Her, 8, N,, MM OESIHE 2.2 FE L.
WEH: K Z =diagiZ,,Z,,Z,,Z,} 1RN(2-24), BTl A5 21

A” ]\;2 Ai3 /“\14
= |« A2 0 0

A, = . (2-32)
* % AP0
i * * * —Z_
Hr,
[0 0 0 0]
APl 0 WA o~
f ' T 0 —Jwlz, 000
0 —Ju,LlZ, 0 0]
0,2, +K'B"Z 0 tH'%Z, (1-t)GH'Z, ]
-K!'B"Z, 0, Z, 0 0
0 WA 0 (1-1)&,Z,
W,= 0 & L7, K7, 0 :
D'Z, D'z, 0 0
0 0 tkN'Z, (1-t)K,N'Z,
i 0 0 iz, (1-1)z, |

BT B & — MR RE, Il 513 2.3 WA, fEE— N EEREEZ ,

%
BZ =Z7,B (2-33)
RYE G2 2.2, FATAEE(2-33)04 5
o -z o
N MZ, = ZN M (2-34)
0 0

25



8 W N T R VAT

WRIG, HI(2-30)81(2-34), FATATLURE 215 H

Z,=M3"'Z'sM" (2-35)

AT =KZ,, T* =17, , 54 2-33)R1(2-35), ATRA AT UG H W, =W,
A= A, RS RE R (2-29) %M F A% A (2-24).

R, )4 1 IR B AT DLd i e 3 2.2 58K
24 BWEXFGEEHBE

FEA TR, R T AU AU, S5 SRALE B A SC T4 L AR 428 11 77 92 O A 80k
2% 18 1 (2- D)k 1 B AT LU 2 A AR M B R R S

0.63 0.52 0.8 0.04
@ = ’ B = ’ D = ’
0.5 0.74 0.2 -0.02

H=[02 0.18], C=[0.01 —0.015], T =0.004,

k

0.08sink 0
0 0.06cosk

FRL A [ B R EL S (x, ) B

—sin (0.03x,, )}

f(x)=6x, J{ sin(0.02x,,, )

R TGRS, (5 ARk, (=123 BRI o, 2
K, ~ N(0.8,0.04) fll v, ~ N(0,0.001) ,
HTLEIN RGBS, BP0

K, [—0.0691 0.1602], K1=[—0.O692 0.1655],

L,=[-0.0934 —0.4898]", L =[-0.0934 -0.4894]".
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02}
04|
06|

-08 1

T% and the estimate

Open-loop state
-16 |- —-- Closed-oop state

0 50 100 150 200
Time (k)

Bl 2-2 R x; 0

Open-loop state
— — —— Closed-loop state

{3 .
x; and the estimate

O T T e e ]

0 50 100 150 200
Time (k)

[l 2-3 SRS x; i

TEREL T, WIUARAE I x, =[-0.2 0.1], LL 250 AN KAz AT 4 Bk
fE MATLAB %t R2022a (FE BT, MRS R 2-2, K 2-3 fion, x KPRES
RGN B 2-2 7, 43 il A Ha e N IS FRIR A 02 A TG 1 s Sy N B RRAS B
x; KPR 2-3 s ATLASH SR, T RS BRI 1 Friscit 9l &8 77

SR R TERE .
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25 AERL

S 7| e et o e T2t o M kil T T DU | /N b T U E | 323 G S
B, RATIRRIARZNE R G- DO ME R G0 AR EEEIE, @5 T RIEH,

VERERI IR 7025 BUAN, FERESZIEATIEEAN b, FIF&T /R4 51 BE, ARAE L AR RS
VERIRE, BT BRI . RS, B —ASSEEIULE T BT 2
TIELL AR 2% (1) B, P a8 B E 7 R R
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FI3EF ETEWNIT UMK 1, =5

ARERFTE T BT XL A kN2 1) H, Eiilini. RN T4k, 5
FRIRIE I EAE R GRS o H T AL b 4k W 2% 1] DL R AT R IR AL,
Rt e 222k E B HHES T, WIRIE 8T, BT m
SO, FEAGVERE T . ASONZE TIRME M RSttt 7z
e i BENEAT HOMIH BR B TR A IR AL I g PERE . H oG, ATHESH T 4
I EAR A, [T ERER IR, R 2R R E MR EE, T T R
il A IAF SR . BEAh, MRS 2 A EF kb 5 B, AR A S 20 T AT 1R A e
T S P 4 A 1 2 R

FITHIE ¢ (0 2 1 1) A P 3-1 Frzas, JH e A ek g 4 XU v 4 ) 2% 5 42 | 5
A .

S

Controller ——

v
v

Plant

Sensor x Relay

P 3-1 A0 2 o ]l s e

3.1 [o)EEiEA
3.1.1  ZRMMEITH RS
TEARTI, HELITNREEH RS

@, = Ap,+ Do, + G,
¢ =Cop +1, (3-1)
Vi =H¢)i

e, i(i=0,1,2,. ) ARRER 2, o ARGURE, ¢ IR, v AT e,
S NPT IR RN . o il &I o, ~ £,]0, ) KIS, 7, J9ili 2 4%
fhn, ~ L]0, o) MRS . 4, D, C, H, G J9RA IR I AR
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3.1.2 W ITHHMB RS

AR TR 4 X T r 4 X 24 SRR S B A% JEadis 15 42 1) 8 22 ) R XL T Sl o AR
TARERGEU T RS, 2R EH LTS

1) SCRFIRI X Bdfe A s

2) SRS v A SR A

3) R EBRARAL RN A

4) AR RS SRS BRI RE

el LA 3 Dh fm) 481 R B0 EAE,  BRiUE SR AN

bi = Tsr,i¢i + Trr,ili + ns,i (3_2)

Hoerb, LRI AT g, AR Ky, € £,]0, o) REIEMES, 1, Stk
BB F| AR IBEHLEE BB, HE: Br, =7, B(r,,-7,.) =&, 0, N
Pk b Ak BN R B WL Be,, =7, B(r,,-7,,) =¢,, - M4k T
T, &, &, BNCHIRE,

rri KN}

SRR TS

/= 0,i=0 (3-3)
! 7 b ,i>0 )

i-1°

Hr, 7 >0 8% € B 4R EOR 250
AL, F5 b SR ORI A0 L rh 4k SR 2 i gy, HEk
Uity IS 5 R AT R IR N

I = ”iTrc,ibi +1., (3-4)

ol R A, € L]0, o) KRNI, . yeb kBRI BB LS
R, HWie: Br,, =7, E(z’ A—Fci)z_

re,i re,

’ /\EP’ T 7€ i@ﬁE%DIE

c,i
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FRE o
NFRA>0, AHG-DAG-4)75F2:

ti bl+77€l

li‘Cl

=T C(oz +7Z-TICZTW‘177[ +7[T 7 l +7Z-Trcz’7s,i +770,i (3-5)

erl S‘rl VCl Iill

=TTy i T, T il ¥ 0T, 1 10,

erl S‘rll VC[ rrzl

3.2 ETEWTPYMLRIEHIsZ T

AR 1 e WA 380 B A, FRAT TR 4 XU T P 4K WY 2% B I Bl &R Gy s
A

{(0141 = AA@ +Do, + Lt, (3-6)
5;‘ = Ki(pi
Heb, o N BPREMTE, K ML 2T RS s .
BATHREE L Ne, =9, —¢., HE-DAI3-6)1]15:
o, = Ao +Go, —Lt, (3-7)

SINH AR, =g, o, bf]T, ATH 1 (3-1)-(3-5), (3-7){5FLL 1Y

r/\é}ﬁ:

0[+1 = 201 + (frr,iljl + Nrc,i1)2 + fsr lP + Trct sr 1])4)9

+(N + ~rc,in + fsr,[Q ~rcz sr zQS) (3-8)

7~ 11

Hor,
A+DK,  -DK, 0
Z: _ﬂ-iz_-rc,iz_-sr,iCLi A —7T; 72-1 lz-rc lTrrle ’
z_-sr,iC O ﬂ-i—lz_-rr,i
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[0 0 0 0 0 0
R=10 0 _ﬂiﬂi—lz_-rc,iLi , b= Ty, L 0 ﬂ'-lﬂ'-i—lzTrr,iLz )
_O 0 T 0 0 0
i 0 00 0 00
P, = —ﬂ[ZTrC’[CLI 0 0,P,=|-2CL O O],
i C 00 0 00
i 0 0 0 0 0 0 0
Ql = _ﬂlrsrz i _ﬂiLi O b QZ = O _ﬂi?rcz O 0 >
i 0 0 0 1 0 0
‘0 0 0 0 G 0 0 0
Q=0 -zL, 0 O\, N=\G -n7,.7,L -7t L -L|
_O 0 0 0 0 2_-sr,i 1 0
H=[H 0 0], 0=[e, n n, n.],
T . =7 .—T ., T .=T .—T. ., T .=T_ .—T.

rr,i rr,i rr,io re,i re,i re,id K7 SF,i S,

AR EZ H bR Wit — MEHI 25 (3-6), BG4 2 DL N YEREZLR M3 25 46
BEK AL,
(1) Hao=0r, EHQG-6)MHAKFRFEG-DETTRE.
(2) TEFRWIIGFAT, 2l y wam ™ H HERe2R:

EHWRBAEEE WY 39

Hof, o> 0 A% M THEERACE .

BB T Rt G 53-6), DIF IR RS MURERE . 1% H
KRB L R GG-8) BN A R sE M STBL . S RS AEE O £ VR 75 T30
@, 1. 0 My, RABFOIF LI H, VEAERER, 2 DA RAE RS0
FRT AN EN O R, 3R FRREE ¢ SRR AL /2 % S 28 75 [ BERK T«

33 FEHZ4R

FEATF T, WS R AR K AL, 25 T IRIESE ) R GEG-8)FE T8
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SRIE. EEVIAIET, Rhi y BB vy <BY @'a).

NTHEFTATW E e, 51 U 518,
5 3440 AR R S,3,,5,, Hd, 3,=37, 3,>0, i

I +303,'3,<0, HHY

RH 30 AEBHINN KL, BEEEENHIERU , L FRIEE
B AL

vilow? ovPowy

x P2 0 0
! 0 3-10
* x  PH¥oo0 < (3-10)

* * x P

Hrp,
W' =U, WP =AU, Y = [, BTU 6, PIU | WP =-U,

RN N R I S

04 @ = OB (5™ RGi3-8) iR
VEW: 5 X ARV, = 97U, AN AT o 5% 6
5

AV, =E{V,

i+l

9)-

v, (3-11)

H(3-8)F1(3-11) A 3
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:E{[(A+r P+7 P+7, P+7T P)Q]TU

rrt rcz W‘l VCl S'rl 4

A+% P+% P +7% P+7 7 4 -3'US
[ r)s]-9vs)

rrit 1 re,it 2 sri 3 re,it srii

{ST(A+rmP+r P+T, P+T, T P) U

re,i”srit 4

(A4+%,,P+%,,P+%, P+i, 7,.P)9-9UY)

re,itsrit 4

re,i srl 4

:E{SZ.T[(A+TWP +E P +E, P4 5, P) U

(A+rmP+rmP+r P47 T P) U]9.}

sryi” 3 re,itsryit 4 i
=B{9 (4'Ud+z, ,P[UP,+z, ,P/UP, +
&, PUP, +¢, 6, P/UP,~U) 3|

=E{n/RA,}

H,

h, =49,

R,=A"UA-U+¢, ,B'UR +¢, P UP,

+ gsr IPTUP + grc lgsr zPTUP
/7"\
R, = V! + PUP + BIUP, + B'UP, + BTUP,

/\EP’

SO
Il
[ —
‘4
S
(e
S
”U
Il
| —
M
3
;‘
)
()
L1

(3-12)

(3-13)

(3-14)

FIFABIEE 3.1, ATATLLHG-10)735IR, <0, FRATHSHR, <02 HALY

R, <0, ALl i (3-105F R, <0.
M (3-12) A 15
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E{AV,} =E{n[%n,|
< A (B{R,}) B[}

max

(3-15)

HUEA T HAIER: H o =01}, M) RGEG-8)AFEF/ENLRE. MiisE

FAS 58 ) A HRIE B A
SEF 3.2: 4 E M ARG K, L M HREERKF ¢ >0, ) RE(3-8)1E

o, =0EHTRE, HAEFYIRERZSET, MRFEIEERMEU , #HiL:

Jll J 12 Q13 g 14
Popr grg

* PP 0 0 0 3-16
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